Post-transcriptional regulatory elements associated with transcript degradation or transcript instability have been described at the 3' untranslated region (3'UTR) of the HLA-G gene. Considering that HPV infection and aneuploidy, which causes gene instability, are associated with cervical cell malignancy, as well as the fact that HIV infection and HLA-G may modulate the immune response, the present study aimed to compare the frequencies of HLA-G 3 0 UTR polymorphic sites (14-base pair insertion/deletion, +3142C/G, and +3187A/ G) between 226 HIV + women co-infected (n = 82) or not with HPV (n = 144) and 138 healthy women. We also evaluated the relationship between those HLA-G 3'UTR variants and aneuploidy in cervical cells. HPV types and HLA-G polymorphisms were determined by PCR and sequencing of cervical samples DNA. Aneuploidy in cervical cell was measured by flow cytometry. The HLA-G 3'UTR 14-bp ins/del was not associated with either HIV nor HIV/ HPV co-infection. The +3142G allele (p = 0.049) and +3142GG genotype (p = 0.047) were overrepresented in all HIV-infected women. On the other hand, the +3187G allele (p = 0.028) and the +3187GG genotype (p = 0.026) predominated among healthy women. The +3142G (p = 0.023) and +3187A (p = 0.003) alleles were associated with predisposition to HIV infection, irrespective of the presence or not of HIV/HPV co-infection. The diplotype formed by the combination of the +3142CX (CC or CG) and +3187AA genotype conferred the highest risk for aneuploidy in cervical cell induced by HPV. The HLA-G 3'UTR +3142 and +3187 variants conferred distinct susceptibility to HIV infection and aneuploidy.
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Introduction
The human leukocyte antigen-G (HLA-G) is a non-classical major histocompatibility complex molecule, characterized by low protein variability and restricted tissue distribution. HLA-G was initially identified in cytotrophoblast cells and plays an important role in the modulation of the immune response by inhibiting maternal NK and CD8 + T cytotoxic cells, and inducing IL-10 producing T regulatory cells at the maternal-fetal interface, which are crucial events for fetus survival [1, 2] . Low level of placental HLA-G has been associated with the development of eclampsia and repeated abortion episodes [3] . The immune checkpoint HLA-G molecule has a well-recognized role on the inhibition of several functions of the innate and adaptive immune responses [4] . HLA-G expression may be differentially modulated by variation sites especially those at the regulatory regions of the HLA-G gene (promoter and 3' untranslated sequence) [5] [6] [7] . Three variation sites at the HLA-G 3' untranslated region (3'UTR) are important for the post-transcriptional regulation of HLA-G: the 14-base pair (14-bp) insertion/deletion variants influence HLA-G mRNA stability [8, 9] , the +3142C/G variants regulate HLA-G expression mediated by specific microRNAs [10, 11] , and the +3187A/G variants affect HLA-G mRNA degradation [12] . Polymorphic sites observed at HLA-G 3'UTR have also been associated with risk to develop cancer [13] , autoimmunity disorders [14, 15] , and infectious diseases [11, 16] , among other conditions.
HLA-G 3'UTR alleles have been associated with susceptibility to human immunodeficiency virus (HIV) infection in adults [6, 17] and in perinatal HIV transmission [18] . HIV + women have a higher risk of developing human papillomavirus (HPV) co-infection, which is the major cause of human cervical cancer [19, 20] . HPV infection [9, 11, [21] [22] [23] and HPV-associated cervical cancer [24] [25] [26] have also been associated with the presence of polymorphic sites at the HLA-G gene, irrespective of HIV infection.
In a previous study, we reported a high frequency (47.5%) of HPV infection among HIV + women from the state of Pernambuco, northeast Brazil, and 59% of those women harbored high-risk HPV types. Despite the high frequency of HPV infection, we observed a low occurrence of cervical lesions in the HIV + women, which was attributed to the high adherence to antiretroviral therapy [27] . In addition, we observed an association between cellular intraepithelial neoplasia and the presence of aneuploid cells, which causes genomic instability in cervical cells of HIV + /HPV + women [28] .
Considering that, i) the HPV infection is associated with several stages of cervical cell differentiation, ii) the HIV infection and HLA-G may modulate the immune response, iii) the HLA-G 3'UTR segment has several post-transcriptional control elements for HLA-G expression, and iv) aneuploidy is one of the first events in cervical cancer development, the present study aimed to compare the frequencies of HLA-G 3 0 UTR polymorphic sites (14-bp ins/del, +3142C/G and +3187A/G) between HIV + women co-infected or not with HPV and healthy women, and to evaluate the association of these HLA-G 3'UTR variants with aneuploidy in cervical cells.
Methodology

Study design and ethical consideration
We performed a case-control study comprising 226 HIV + women followed-up at the Correia 
Data collection
All women answered a questionnaire for clinical and epidemiological assessment, before undergoing colposcopy and cytological examination. Colposcopy was performed according to the criteria of the International Nomenclature of Colposcopy Aspects of Rome [27] [28] . Endocervical samples collected using cytobrush were used for cytological analysis, detection of HPV co-infection and immunogenetic studies. Cervical biopsy was performed whenever colposcopic alterations were present and the cervical tissue fragments were preserved in 10% formalin for histopathological analysis. The clinical procedures and the analysis and interpretation of the cervical cancer screening followed the recommendations of the Brazilian guidelines for cervical cancer screening [29] . Details on clinical characterization of HIV + infected patients have been previously described [27] . Healthy women were not tested for HPV.
Detection of HIV/HPV co-infection
Genomic DNA was extracted from cervical samples using proteinase K (Invitrogen, CA, USA) following the protocol described by Martins et al. 2014 [27] . Subsequently, the DNA samples were amplified by polymerase chain reaction (PCR), using the human glyceraldehyde phosphate dehydrogenase (GAPDH) gene to evaluate sample quality. GAPDH-positive samples were then subjected to another PCR using the degenerate primers, MY09 and MY11, complementary to the L1 region of the HPV genome [30] . PCR products were visualized on a 2% agarose gel stained with 0.5 μg/mL ethidium bromide. The presence of a 450 bp DNA fragment confirmed HIV/HPV co-infection. HPV typing was determined by sequencing the HPV-amplified DNA using the Big Dye Terminator kit and the ABI3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequencing chromatograms were visualized using the MEGA 5.0 software [31] for evaluation of the sequence quality. Analysis of sequence data and sequence similarity searches were performed using the Blast-N tool of the National Center for Biotechnology Information (NCBI) (http://blast.ncbi.nlm.nih.gov/ Blast.cgi).
Aneuploidy in cervical cell
Cervical cells were lysed using Pharm Lyse lysing buffer (Becton Dickinson, New Jersey, USA) for 30 minutes prior incubation with RNA solution (100 μg/mL) and propidium iodide. DNA fluorescence was measured by flow cytometry (laser excitation at 488 nm and emission above 600 nm), and DNA index was estimated through by comparison the ratio of the DNA content of cells analyzed with labeled blood diploid cells using the ModFitLT V3.0 software (Verity Software House Inc., Topsham, USA). The presence of two peaks on a histogram with a DNA index greater than 1.16 (hyperploidy) or less than 1.00 (hypoploidy), each with more than 10% of the cell population analyzed in the area corresponding to G0-G1 of the cell cycle in the sample, was considered to be aneuploidy [28] .
Polymorphism of the HLA-G 3' untranslated region
Polymorphic sites between the +2945 and +3259 positions of the HLA-G gene were identified as described by Castelli et al. (2010) [32] . 
Data analyses
The clinical-epidemiological and laboratory data were analyzed using the 
Results
Clinical features of the studied patients
In the present study, we evaluated 226 women from a HIV-infected cohort that had been previously studied by our research group and had shown low frequency of high-grade cervical lesion and high adherence to antiretroviral therapy [27] , which is provided at no cost to the patient by the Brazilian government. Unfortunately, the research group did not have access to the histological reports of all women that participated in the study because the program for cervical cancer screening subsidized by the Brazilian Ministry of Health determines that histological evaluation must only be performed in women who had cytological abnormalities and atypical colposcopy findings what was not the case for several of the studied patients. Details of demographic and clinical features of HIV + women co-infected or not with HPV are shown in 
HLA-G 3' UTR polymorphisms
First, we compared the frequency of the HLA-G 3'UTR variants between all the HIV + women (n = 226) and the healthy women (n = 138). The +3142G allele (p = 0.049) and the +3142GG genotype (p = 0.047) were overrepresented in the HIV + women, while the +3187G allele (p = 0.028) and the +3187GG genotype (p = 0.026) predominated among healthy women. No significant differences were observed for the 14-bp ins/del polymorphism between HIV + and healthy women (Table 2) . Secondly, we compared the frequency of the same HLA-G 3'UTR variants between HIV + / HPV + women (n = 82) and healthy controls (n = 138), and no significant results were observed. In contrast, when HIV + /HPV -women (n = 144) were compared to healthy controls, several differences were observed: the +3142G allele (p = 0.023) and the +3142GG genotype (p = 0.038) were associated with susceptibility to HIV infection, and the +3187A alleles (Table 3) .
Association of HLA-G 3 0 UTR polymorphisms with aneuploidy in cervical cell
We recently reported a lack of association between aneuploidy in cervical cells and HIV histological lesion (p = 0.03) [28] . Considering that aneuploidy is a phenomenon associated with cervical cell transformation, and HLA-G is an immune checkpoint protein with inhibitory effect on several immune cells, we hypothesized that women harboring HLA-G 3'UTR alleles associated with high HLA-G expression may also have higher risk to develop aneuploidy. Thirty four samples were excluded from HIV + group (n = 226) because they either had no data on cellular ploidy (n = 24) or lacked polymorphism information (n = 10). Comparing the diplotype distribution of women with cervical cells presenting or not aneuploidy, we observed that the +3142GG/+3187AA diplotype was the most prevalent in both aneuploid (45.45%) and diploid (43.92%) cervical cells. Considering the double heterozygous +3142CG/+3187AG diplotype as reference and using the logistic regression model, we observed that: (i) diplotypes defined by +3142CC/+3187GX, where X is either the G or A allele, showed no differences related to ploidy (Table 4) , (ii) the double heterozygous diplotype (+3142CG/+3187AG) was the second most prevalent in the diploid group (29.05%) and was underrepresented in the Effects of HLA-G 3'UTR on HIV/HPV co-infection and aneuploidy in cervical cell aneuploidy group (15.91%), and (iii) the frequency of the +3142CX/+3187AA diplotype was significantly higher than the frequency of the double heterozygous haplotypes in the aneuploid group, and this association was strengthened when HPV infection was considered in the model. Unfortunately, we were not able to investigate the influence of HPV-risk classification on the relationship between +3142CX/+3187AA diplotype and aneuploidy using the logistic regression model due to a small sample size after data stratification by HPV risk. We also evaluated whether oncotic cytology was associated with HLA-G polymorphisms in HIV + women (Table 5) . No significant differences were observed between the +3142/+3187 diplotypes and the presence of cytological alterations (p = 0.407), even after data stratification by presence (p = 0.324) or absence (p = 0.639) of HPV infection. No association (p = 0.603) was observed between the +3142/+3187 diplotypes and CD4 + T lymphocyte count (Table 6 ).
Discussion
The role of HLA-G in HIV infection is controversial due to several reasons, including disease diversity, presence of underlying disorders, patient ethnicity and treatment regimens. Although there are eight well-known polymorphic sites in the HLA-G 3'UTR region, in our study, the frequencies of only the +3142C/G and +3187A/G sites were statistically different between healthy controls and HIV + patients. We believe that by including a screening step for selecting only HLA-G polymorphic sites that contribute to susceptibility to viral infection, we minimize the inclusion of genetic factors not related to it. These two polymorphic sites are target for microRNA, important post-transcriptional gene expression regulators, which expression profiles have been demonstrated to diverge according to cell type and stimulus [35] . Nevertheless, we also discussed the 14-bp ins/del allele and genotype frequencies, because of its influence on HLA-G levels in HIV + patients, as has been demonstrated in previous studies [6, 8, 17] . We also understand that environmental pressures may affect the evolution of the immune system differentially and therefore the polymorphic sites we studied may not be representative for other populations from different locations. In a previous study, we evaluated HLA-G 3'UTR polymorphic sites allele, genotype and haplotype frequencies in healthy blood donors from a northeastern and southeastern Brazilian regions, and we found that the distribution of the HLA-G 3'UTR 14bp-ins/del, +3142C/G, and +3187A/G were similar [36] . However, comparing these published data with the distribution frequency of these polymorphic sites observed in healthy women group reported in the present study, no differences were found for the alleles and genotypes regarding to the northeastern population; in contrast, we found a higher frequency of +3187GG genotype (14.4% vs. 4.5%, respectively) in the healthy women group of the present study than in healthy blood donors from southeast Brazil [32] . This findings could be related to the contribution of different ethnic groups to the constitution of the Brazilian populations [36] . It is noteworthy that a study on the Brazilian ancestry based on mitochondrial DNA showed a major contribution of African ancestry in northeast Brazil [37] .
There are few reports in the literature regarding the association between presence of HLA-G 3'UTR polymorphisms to susceptibility to HIV and HPV infection, and the 14-bp ins/ del site is by far the most studied [8, 17, 18] . The frequency of +3187A allele in homozygosis was found in only one study on HIV vertical transmission, and it was not appropriated for comparison [38] . Future studies may confirm whether the presence of the +3142G and +3187A alleles are associated with risk of HIV infection in different populations.
Nevertheless, HIV infection increases the production of HLA-G by naïve T CD8 + cells and increases effector and memory cell lines [39] . The virus itself induces high levels of sHLA-G [40] and the antiretroviral therapy, during the immunological reconstitution, down-regulates HLA-G [41] . The HLA-G 14-bp ins allele, which is associated with low levels of sHLA-G in healthy Caucasian individuals [7] , has been associated with low levels of sHLA-G in African HIV-infected individuals [6] . In contrast, the presence of the 14-bp del/del genotype, which has been associated with high sHLA-G levels in healthy Caucasians [7] , was associated with high expression of HLA-G mRNA, high viral load, lower CD4 + T lymphocytes counts and low survival rate in HIV-infected Zimbabwean women [8] . The HLA-G 3'UTR 14-bp ins allele, the ins/ins genotype, the 14-bp insertion/+3142G (insG) haplotype and the insG/insG diplotype were overrepresented in African-derived patients HIV + from Southern Brazil, irrespective of the underlying disorders; but, the same was not observed in European-derived Brazilians [17] . In the present study, the associations with the 14-bp polymorphism was not observed in the HIV + women co-infected or not with HPV from the state of Pernambuco, northeast Brazil, which have a higher African-ancestry than Southern Brazilians. The role of HLA-G on HPV mono-infection has not been completely elucidated yet. Gimenes et al. (2014) [42] recently reviewed studies correlating the association between HLA-G polymorphisms and cervical carcinogenesis. The presence of high levels of HLA-G mRNA in cervical lesion was reported to contribute to their progression in HPV 16/18 infected patients [21, 43, 44] . The HLA-G 3'UTR diversity has only been evaluated in patients with HPV mono-infection, including the 14-bpdel/+3142C haplotype in Italian women [9] , and the +3142C allele in Taiwanese women [45] , which were associated with increased risk for developing HPV cervical cancer. For the HIV/HPV co-infection, we observed that the +3142G and +3187A alleles were associated with predisposition to HIV infection independent of the presence of HIV/HPV co-infection. In addition, the double doses, +3142GG and +3187AA, also exhibited a trend increased risk for HIV infection, independent of the HIV/HPV co-infection. Considering that the +3142G allele reduces HLA-G mRNA expression by the action of specific microRNAs [10] , and that the +3187A allele decreases the HLA-G mRNA stability due to the proximity to an AU motif [12] , our results indicate that susceptibility to HIV, irrespective of HPV infection, may be favored by low HLA-G expression.
Since HIV and HPV present distinct biological behavior, we further analyzed the relationship between the HLA-G 3'UTR polymorphic sites and aneuploidy, which may represent the initial step for progression towards cervical malignancy [46] . In the present study, the +-3142CX/+3187AA diplotype was associated with aneuploidy of cervical cells; i.e., the presence of +3142CC and +3142CG increased by 7.40-fold and 3.21-fold the risk for cervical lesion, respectively. Noteworthy, the association with +3142C/G polymorphic site was only observed when the +3187AA genotype was present as well.
Although the +3142C allele was underrepresented in the HIV + patients compared to healthy women, this allele was associated with aneuploidy in cervical cell in the HIV + women.
Studies have shown that the +3142C allele and +3142CC genotype increase sHLA-G production, which has been associated with HPV infection and risk to develop cervical cancer [9, 45] .
In this context, we showed that the presence of HPV infection increased the contribution of the +3142C allele to the susceptibility of the +3142CX/+3187AA diplotype to aneuploidy by 20.5% (in homozygosis) and 4.6% (in heterozygosis) (Table 4) ; however, it was not associated with cytological abnormalities. We have previously shown the relationship between the presence of cervical tissue lesions and the DNA index, but cytological alteration was not predictive of progression of cervical lesion [28] . In resume, we showed that the +3142G and +3187A alleles, which are related to low HLA-G expression [10, 12] , were associated with predisposition to HIV infection independent of the presence of HIV/HPV co-infection, but HIV induces the production of HLA-G in untreated patients through unclear mechanisms [41] . Perhaps, the increased HLA-G level dependent of HIV infection is one of the mechanisms behind the association between HIV infection and high-risk of HPV co-infection [47, 48] , and increased risk of cytological abnormalities and cervical cancer [49, 50] . Indeed, we showed that in HIV + women the +3142C allele and the +3142CC genotype, which are related to increased sHLA-G production, were associated to the presence of aneuploidy in cervical cells in an allele dose-dependent effect. Our results corroborate previous studies that showed that the +3142C allele is associated to HPV infection and to a higher risk to develop cervical cancer in HIV -women [9, 45] . Taken together, we conclude that aneuploidy, one of the first steps towards the development of cervical malignancies [46] , is favored by HLA-G alleles related to high HLA-G production, because the inhibitory effect of the HLA-G on immune cells modulates the immune cellular response, which then contribute to replication and persistence of HPV infections, and increases the chance of cervical lesion progression. Our study dealt with limitations: we did not quantify the HLA-G levels, as well as, the fact that histological reports were not available for all women that participated in the study because the Brazilian Ministry of Health's protocol for screening cervical cancer, defines that histological evaluation must only be performed in women who had cytological abnormalities and atypical colposcopy findings. In addition, unfortunately, some women did not return to the ambulatory clinic for the histological exams or reassessment, and, consequently, their exam results could not be provided to the research group, including seven patients with altered cytology for whom the histology results were not recorded.
